Résumé. 2014 L'antiferromagnétisme nucléaire a été créé dans l'hydrure de lithium (LiH) 
Abstract. 2014 A nuclear antiferromagnetic structure has been produced in lithium hydride (LiH) by the usual method : 1) Dynamic nuclear polarization in high field (5.5 T); 2) Adiabatic demagnetization in the rotating frame. A dilution refrigerator of special design has been built for the particular features of the experiment. The ordered state persists for more than one hour after the demagnetization. Three types of evidence have been obtained experimentally by NMR on the ordered structures : 1) Shape of the dipolar absorption line of the 7Li nuclear spins; 2) Behaviour of the perpendicular susceptibility of these spins as a function of dipolar energy; 3) Splitting of the Zeeman absorption line of the 6Li nuclear spins. Following these results, a neutron diffraction study of LiH has been undertaken and has already yielded some results. LE [4] . The need for studying other substances and particularly LiH arose from the desire to ascertain the nuclear ordered structure by neutron diffraction. It has long been recognized [5] that this was not possible in CaF2 because of the very small spindependent amplitude of the neutron-fluorine scattering in contrast to the case of protons [6] . In addition, it was interesting to study a structure slightly more complicated than that of CaF2. LiH contains principally two nuclear species, protons and 'Li, with spins respectively 1/2 and 3/2, having comparable magnetic moments, and forming two imbricated f.c.c.
lattices. The theoretical calculations due to GoldArticle published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:0197800390100109700 man [4] predict that each species contributes to the ordered phase, and that both protons and lithium are present in each sublattice. Nuclear antiferromagnetism studies had been made previously on lithium fluoride (LiF) whose structure is identical to that of LiH [7] . We [9] have shown that the temperature of the sample during this irradiation plays an important role, and a special temperature control apparatus has been built [10] ; however, obtaining a good sample is still subject to uncertainties. The best results have been obtained with sample n° 1 of ref. [9] Most of the apparatus is the same as in ref. [10] . However, we introduced in July 1977 two important modifications. The first is the use of a dilution refrigerator ( Fig. 1 ) of the type new geometry described by Roubeau in ref. [11] ; the second is a lower part of the 'He dewar which is composed of two coaxial cylindrical Kel-F tails glued to the upper parts by means of stycast. The Kel-F-metal bounding is found to be leak-proof over a period of several months, and to be quite unsensitive to thermal shocks and to vibrations. The inner tail has an internal diameter of 6 mm and contains only the sample and its Kel-F holder, plus a small 0.7 x 1 mm teflon tube driving the concentrated phase down to below the sample.
The RF coils and the microwave system are now rejected to the outside of the outer tail (of external diameter 10.5 mm) in the 'He bath at 2.5 K. This geometry, well adapted to the perspective of neutron diffraction, has also the advantage of minimizing the losses due to microwave during the DNP, and to the radiofrequency during the adiabatic demagnetization. At the optimum polarizing microwave power, the temperature of the sample is about 200 mK whereas in ref. [10] [10, 7] . After the ADRF, the spin temperature is of the order of 1 gK, and then begins to increase slowly under the effect of the dipolar spin-lattice relaxation, at a rate depending on the lattice temperature and varying somewhat from one sample to another [9] . Typically, the lattice temperature is 100 mk during this phase of the experiment, and the dipolar relaxation time is several hours. (Fig. 3f) , and it is difficult to detect accurately by this method the antiferro-paramagnetic transition. [12] and is expressed in G-1 , MLi1 is expressed in G.
high temperature limit neglecting the effect of the impurities and 2) in the Weiss-field approximation, according to calculations given in ref. [7] . As a function of time, the experimental plot is to be read from the top right to the bottom left. The trend to a plateau is noticeable at low temperature. However, this effect is not as pronounced as in CaF2 [4] . The discrepancy of 30 % with the Weiss-field plateau, comparable to that observed in CaF2, is far outside the experimental error, and can perhaps be attributed to the crudeness of the theoretical model. A discrepancy also exists in the high temperature domain : it can be shown that the reciprocal slope of the curve in the paramagnetic, high temperature limit is equal to the second moment of the Zeeman absorption line. The excess by a factor of two observed experimentally (Fig. 4) expected to be identical in general because of the strong tendency to dipolar ordering. Let a be the inverse Zeeman temperature of the 6Li nuclei, and fi their inverse dipolar temperature, which is common to all the nuclear species of the sample, as has been shown experimentally [13] . Under the effect of the Zeeman interactions alone, we should observe two lines of the same intensity proportional to :
(where B1 is the Brillouin function for spins 1 and y6 the gyromagnetic ratio of 6Li nuclei) and whose centres are respectively Ho + HwLi and Ho -HWLi .
On the contrary, under the effect of dipolar interactions alone, the Weiss-field theory predicts that the two lines will be of opposite intensities, namely :
and The shape of the 'Li absorption line in figure 3a is compatible with a formula of this type.
A straightforward generalization of the Weiss formulae where both Zeeman and dipolar interactions are taken into account yields for the two intensities : and In order to be able to see two distinct lines of comparable intensities, it is very useful to lower the Zeeman temperature so as to make the term aHo dominant in (8) . The technique, as in [17] , consists in mixing in the rotating frame the Zeeman reservoir of 6Li with the dipolar reservoir, by application of a strong RF field at a distance Li = -y6 Heff from the resonance frequency of the 6Li. In a frame rotating at a frequency -yHo -d, the inverse Zeeman temperature of 6Li :
will then become equal to fl, and equations (8) [18] . ain is known from the initial 'Li polarization. In our conditions, this polarization, due to the DNP, is 30 % and
The results are shown on figure 5 . Figure 5a shows the signal of 6Li after the DNP and before the ADRF, and corresponds to a polarization of 30 %. In figure 5b, we have saturated the 6Li resonance before the ADRF : no signal is thus detectable at this time. shows the 6Li signal after the ADRF : the Zeeman temperature is still infinite (a = 0) but a dipolar signal appears, which is very similar to that of 'Li (Fig. 3) As in the case of 'Li, the two components broaden and merge together during the dipolar relaxation. Figure 6 shows the shape of the line at different times after the ADRF. It is remarkable that although figure 6e corresponds to a temperature probably well above the transition, it is still much broader than figure 6 f, plotted for an infinite dipolar temperature. The Zeeman temperature of curves 6b to 6 f, as indicated by their area, is equal to 1.38 mK, instead of 3 mK for figure 6a.
At present we have performed only a few experiments at positive temperatures, because the transition is expected to be more difficult to observe [4] . Using the same technique as for negative temperatures, we have obtained for the 6Li absorption line a splitting . into three components (Fig. 7) [14] .
New perspectives are opened by this experiment, and undoubtedly, one of the first tasks will be to measure the sublattice polarization as a function of the spin temperature. It is hoped also that the signal , to noise ratio will be good enough to study the system in the vicinity of the transition.
